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BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a semiconductor device, 
and more particularly, to a non-volatile semiconductor memory and 
a method of operating the same. 
Discussion of the Related Art 

[0002]A semiconductor memory device capable of reading and 
writing digital data electrically is divided into an EE PROM 
enabling to program and erase data by a cell unit and a flash 
memory enabling to erase data only by a block unit over several 
tens and hundreds bytes and record data by a byte unit. 
[0003]A conventional EEPROM has been widely used to re-write data 
by using a small data unit. However, the conventional EEPROM 
cell includes a pair of transistors. Thus, it occupies a 
relatively large area. As a result, the conventional EEPROM has 
a difficulty in realizing a large capacity. In addition, it is 
fabricated with a high cost. 

[0004]A memory cell of the conventional flash memory including 
only one transistor increases an erase unit size instead of 
reducing a cell size. However, the conventional flash memories 
have some difficulties in achieving desirable operational 
characteristics and device reliabilities. Such problems become 
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serious as a design rule is reduced, thereby becoming obstacles 
or limitations for reducing a cell size. 

[0005] Such non-volatile memories are fabricated by using various 
processes to be used for a single memory device. In order to 
build various functional blocks in SoC (system-on-chip) where the 
various functional blocks forming a system are integrated on one 
chip, an EE PROM and a flash memory should be fabricated through 
the same manufacturing process. In addition, each of the cell 
sizes thereof should be reduced. Further, they should be 
operable in low supply voltage. 

[0006]A non-volatile memory according to a related art is 
explained by referring to the attached drawings as follows. 
[0007]FIG. 1A illustrates a cross-sectional view of a single 
transistor type flash memory cell according to the related art, 
and FIG. IB illustrates a layout of the single transistor type 
flash memory cell of FIG. 1A. 

[0008]Referring to FIG. 1A, the cell includes a source region 2 
and a drain region 3 formed in the surface area of a P-type 
semiconductor substrate 1. A channel region will be generated 
between the source and drain regions 2 and 3. A gate oxide layer 
4, a floating gate 5, and a control gate 7 are stacked on the 
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channel region of the substrate 1. An inter-poly oxide (IPO) 
layer 6 is formed between the floating and control gates 5 and 7. 
[0009] The floating gate 5 stores electric charges therein while 
the control gate 7 induces a voltage on the floating gate 5. 
[0010] The floating and control gates 5 and 7 are formed as a 
stacked structure, as shown in FIG. 1A. The source and drain 
regions 2 and 3 are formed in the semiconductor substrate 1 to be 
in parallel with both lateral sides of the stacked gates, thereby 
forming a unit block of a single transistor. A channel hot 
carrier injection is generally used for a cell programming in 
this type cell. 

[0011] Specifically, for the cell programming, about 5V is applied 
to the drain region 3. The source region 2 is grounded (OV) . 
About 8V is applied to the control gate 7. Thus, hot channel 
electrons are injected into the floating gate 5. 
[0012]When an erasing is carried out on the unit block, OV or a 
negative high voltage is applied to the control gate 7 while a 
positive high voltage is applied to the source region 2 or the 
semiconductor substrate 1. Thus, a tunneling of the electric 
charges occurs in the direction of the source region 2 or the 
semiconductor substrate 1. 
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[0013] FIG . IB illustrates a layout of the flash memory cell 
having the stacked structure shown in FIG. 1A. 

[0014]Referring to FIG. IB, unit cells 11 are separated from each 
other by a field insulating area 10. Each control gate 15 of the 
respective cells is connected to a corresponding word line 12. 
The word lines 12 are separated from each other. A bit line 13 
is formed in the direction perpendicular to the word line 12, and 
each drain region 17 of the respective cells is connected to the 
bit line 13 through a bit line contact 14. 

[0015]Although the single transistor stacked type cell has a 
reduced cell size, it has serious disadvantages as follows. 
When erasing data in every non-volatile memory, over-erasure 
phenomena, a threshold voltage of a cell dropped below 0V during 
erasing, may take place statistically. On a non-volatile memory 
with a single transistor staked type cell, if at least one cell 
in a selected bit line is over-erased, it is unable to read the 
status of the cells in the same bit line. 

[0016] Generally, non-uniformity in the manufacturing process and 
process-induced stress applied to a dielectric layer surrounding 
the floating gate may cause the over-erasure. A designing 
technique may solve such an over-erasure problem. Meanwhile, a 
circuit construction becomes complicated. 



Therefore, the over-erasure in a single transistor staked type 
cell should be eliminated at all costs. 

[0017] In addition, the over-erasure is not allowed in the single 
transistor stacked type cell and furthermore, an erasing is 
carried out by the block unit over several tens kilobytes, 
thereby broadening a statistical threshold voltage distribution 
of the erased block. Therefore, an actual range of the allowable 
threshold voltage range becomes much narrower. 

[0018]An electric charge status in the non-volatile memory cell 
(i.e., the threshold voltage) corresponds to a logical status of 
the memory cell, A range of the allowable threshold voltage of 
the single transistor stacked type cell lies approximately 
between IV and 5V. 

[0019]When a reading voltage of 3.3V is applied to the control 
gate, a cell current proportional to a difference between 3.3V 
and 1.0V flows in case that a low level of the threshold voltage 
is IV. In the cell programmed with 5V, a current fails to flow 
since a channel of the cell is blocked. 

[0020] Therefore, it stores digital data of 1 bit in each cell by 
reading the current conditions in the following and blocking 
corresponding to two levels of "1" and ' x 0", respectively. 



[0021]Meanwhile, a data reading speed of a memory is proportional 
to the cell current on the reading. Thus, the speed becomes 
faster when the cell current is large, while the speed becomes 
slower when the cell current is small. Therefore, the lower the 
low level of the threshold voltage is, the larger the cell 
current is and the faster the reading speed is. 
[0022] The single transistor stacked type cell according to the 
related art has a relatively high threshold voltage of over 0V in 
the low level. Thus, it has a small cell current so that it 
makes very difficult to improve a reading speed without 
increasing the read voltage applied to the control gate over the 
supply voltage level. If the threshold voltage of each memory 
cell is defined as more than four levels, each of the memory 
cells enables to store logic data having two bits or more (multi- 
bits memory) . When a programming is carried out with multi- 
levels, four or more levels of the threshold voltage between the 
allowable threshold voltages of IV to 5V should be programmed and 
read. 

[0023] In this case, when intervals between the threshold voltage 
levels become narrower, a reading speed becomes slower and the 
cell is vulnerable to various noises. Therefore, the intervals 
in the threshold voltage cannot be reduced further. The wide 
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intervals of the entire allowable threshold voltage range enable 
to readily realize a multi-bits memory as well as increase a 
memory speed. 

[0024] Unfortunately, the single transistor stacked type memory 
cell having a narrow range of the allowable threshold voltage is 
unable to realize a reading operation with a high speed and a low 
voltage. Thus, it is difficult to be implemented as a high-speed 
multi-bits memory . 

[0025] Further, the single transistor stacked type cell has much 
difficulty in reducing a size in accordance with a design rule in 
the scale under about 0.18 jczm, thereby causing 

problems/disadvantages in cell characteristics and reliability. 
[0026]A drain of a floating gate storage transistor, which 
corresponds to a cell in a memory array constructed with the 
above-described cells, is directly connected to a bit line, while 
a source terminal thereof is connected to a common ground line. 
[0027] In such a memory array, a drain-turn-on, a punch-through or 
a high leakage current occurs due to the coupling to the floating 
gate by a drain voltage. Hence, during the programming, an over- 
current is produced by the unselected cells on the selected bit 
line. Such an effect is amplified as the channel length becomes 
shorter, so that it is difficult to reduce a cell size, 



[0028]Moreover, in such a memory array, there are problems such 
as a hot electron injection, which is caused by a leakage current 
for the unselected cells on the selected bit line, and stored 
electric charge leakage due to an electric field stress and the 
like. Such problems become more serious in a multi-bits cell 
having narrow intervals between the levels of the threshold 
voltage . 

[0029] Processes of forming contacts and metal lines are carried 
out on the drain side of the storage transistor, thereby 
degrading an oxide layer near the floating gate of the cell 
during the processes. 

[0030] Due to all the problems/disadvantages as discussed above, 
the cell size can be hardly reduced in accordance with the 
miniaturization of the processes as long as a flash memory cell 
includes a single transistor. 

[0031] Unfortunately, the single transistor stacked type cell is 
improper for incorporating a system chip with a logic process as 
well as a stand-alone non-volatile memory for a deep sub-micron 
process technology . 

[0032] Generally, the stacked type cell as shown in FIGs. 1A and 

IB having a low coupling ratio for a control gate is 
disadvantageous in a low voltage operation. An increased 
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coupling ratio of a non-volatile memory cell is absolutely 
necessary for efficiently coping with a system driven by a lower 
voltage such as portable devices. 

[0033] The problems/disadvantages of the single transistor stacked 
type cell may be overcome by adding a serially connected floating 
gate transistor (I) and a selection transistor (II) as a two- 
transistor EEPROM cell, in FIG. 2A. 

[0034]FIG. 2A illustrates a cross-sectional view of a two- 
transistor EEPROM cell according to a related art, and FIG. 2B 
illustrates a layout of the two-transistor EEPROM cell in FIG. 2A 
FIGs . 2C and 2D illustrate circuits of two-transistor EEPROM 
cells according to related arts. 

[0035]Referring to FIG. 2A, the two-transistor EEPROM cell 
includes source and drain regions 22 and 23 formed in the surface 
area of a P-type semiconductor substrate 21. A portion between 
the source and drain regions 22 and 23 becomes a channel region. 
A gate oxide layer 24 and a floating gate 25 are formed on the 
channel region. A control gate 27 surrounds the floating gate 25 
[0036]A dielectric (inter-poly oxide) layer 26 is formed between 
the floating gate 25 and the control gate 27. 
[0037] The floating gate 25 stores electric charges, and the 
control gate 27 induces a voltage on the floating gate 25. 
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[0038]A selection transistor (II) uses the drain region 23 of a 
floating gate transistor (I) as a source region thereof. The 
selection transistor has another drain region 23a leaving another 
channel region therebetween, and is formed at one side of the 
floating gate transistor (I) . 

[0039]On the channel region of the selection transistor (II) , 
another gate oxide layer 24a having a thickness equal to or 
different from the gate oxide layer of the floating gate oxide 
layer 24. A gate 28 of the selection transistor (II) is formed 
on the gate oxide layer 24a. 

[0040] A layout of the above-described cell is shown in FIG. 2B. 
In the EE PROM according to the related art, control gates of 
adjacent cells on the same active region should be separated from 
each other with a margin 'B' by photolithography and an etch 
process as follows. 

[0041]As well known in the art, a minimum size of a circuit line 
width is limited by a resolution of photolithography. 
[0042] The EEPROM shown in FIGs . 2A and 2B has a floating gate and 
a control gate defined over the floating gate by lithography. It 
requires a margin W amounting to a process tolerance at the 
side of the floating gate. Therefore, the EEPROM according to 



11 



the related art is inevitably increased in its cell size as long 
as the margin 'A' and y B' exist in FIGs . 2A and 2B. 
[0043] Further, in the EE PROM according to the related art, a high 
voltage greater than 15V is applied to a source or drain junction 
of the cell. Thus, it has large-sized p-n junction of the 
respective terminals, thereby increasing the cell size. 
[0044]Arrays of the EE PROM according to the related art are 
illustrated as shown in FIGs. 2C and 2D. In FIG. 2C, a drain of a 
selection transistor is connected to a bit line. On the other 
hand, a drain of a storage transistor (floating gate transistor) 
is connected to a bit line in FIG. 2D. 

[0045] In these array architectures, each control gate line is 
separated at every row and a control gate of each cell at the row 
is connected to the control gate line of the corresponding row. 
[0046] Thus, the array composed of the control gate lines 
separated on every row requires complicated circuitry in decoding 
the respective lines. 

SUMMARY OF THE INVENTION 

[0047] Accordingly, the present invention is directed to a non- 
volatile semiconductor memory and a method of operating the same 
that substantially obviates one or more of problems due to 
limitations and disadvantages of the related art. 
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[0048] Another object of the present invention is to provide the 
non-volatile semiconductor memory and the method of operating the 
same that enables to maintain a stable operation and provides 
reliability. 

[0049] Another object of the present invention is to provide the 
non-volatile semiconductor memory and the method of operating the 
same that enables to realize a small cell size and reduces a cell 
size in accordance with a down-scale in photolithography. 
[0050]A further object of the present invention is to provide the 
non-volatile semiconductor memory and the method of operating the 
same that realizes a high-speed multi-bits operation. 
[0051]Additional features and advantages of the invention will be 
set forth in the description which follows and in part will be 
apparent from the description, or may be learned by practice of 
the invention. The objectives and other advantages of the 
invention will be realized and attained by the structure 
particularly pointed out in the written description and claims 
hereof as well as the appended drawings. 

[0052] To achieve these and other advantages and in accordance 
with the purpose of the present invention, as embodied and 
broadly described, a non-volatile semiconductor memory according 
to the present invention includes a semiconductor substrate 



having active and field regions, at least two non-volatile 

storage transistors each having a storage at the active region 

and a control gate at the storage, wherein each control gate is 

incorporated into a single control plate, and at least two select 

transistors each of which corresponds to each non-volatile 

storage transistor, wherein each of the selection transistors is 

connected to the corresponding non-volatile storage transistor 

for selecting the corresponding non-volatile storage transistors. 

V 

[0053] Accordingly, the present invention reduces a cell size 
greatly and simplifies its fabrication process by incorporating a 
plurality of control gates of the at least two adjacent cells 
into a single body in a two-transistor structure. 
[0054] The present invention provides many advantages such as 
operational stability and device reliance of a two-transistor 
structure as well as a feasibility of a high-speed multi-bits 
non-volatile memory in a low-voltage. 

[0055] In the present invention, each non-volatile memory cell 
includes at least one selection transistor. 

[0056] The control plate is unable to be realized by a single 
transistor cell because a control gate in the single transistor 
cell works as a selection transistor to select a cell. Namely, if 
the control gate connects two adjacent cells, adjacent word lines 
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are short-circuited to each other in an array. Thus, it is 
unable to select one of the word lines independently. 
[0057] In the present invention, the selection gate is separated 
from the control plate. Thus, the control gates of the two 
adjacent cells are connected to each other through one body. 
Namely, even if the non-volatile storage transistors of the cells 
located on at least two rows (word lines) and the same bit line 
(column), a selectivity of the respective cells, which is 
governed by each of the corresponding selection transistors, is 
free from such an influence. 

[0058] Accordingly, in a non-volatile memory cell '^eording to the 
present invention, at least one selection transistor 
corresponding to a non-volatile storage transistor in each cell 
is connected in series to one end or both ends of the non- 
volatile storage transistor. Moreover, the non-volatile storage 
transistor may be separated from the selection transistor through 
a junction as a source or drain. Instead, the non-volatile 
storage and selection transistors may have a split-gated 
structure in which gates are split from each other on one 
continuous channel. Further, the control plate of the non- 
volatile semiconductor memory according to the present invention 
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may cover two adjacent cells or a block unit comprising at least 
two adjacent cells. 

[0059] In another aspect of the present invention, in a non- 
volatile semiconductor memory including at least two non-volatile 
storage transistors each of which including a source in the 
substrate, a drain in the substrate, a storage on the dielectric 
layer over the active region, and a control gate at the storage, 
at least two control gates incorporating into a control plate 
built in a single body, and at least two selection transistors 
each of which including a source in the substrate, a drain in the 
substrate, a selection gate on the dielectric layer between the 
source and the drain to be isolated from the storage, wherein the 
source of each of the selection transistors is the drain of the 
corresponding non-volatile storage transistor, and each of the 
two selection transistors is connected to the corresponding non- 
volatile storage transistor for selecting the corresponding non- 
volatile storage transistor, a method of operating the non- 
volatile semiconductor memory includes selecting one of the non- 
volatile storage transistors by turning on or off the respective 
selection transistors, and programming the selected non-volatile 
storage transistor using a hot carrier injection method 
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generating hot electrons from a channel of the selected non- 
volatile storage transistor. 

[0060] Pref erably, the channel hot carrier injection method is one 
of a first method of applying a reverse bias having a 
predetermined level between the source of the selected non- 
volatile storage transistor and the substrate, a second method of 
increasing a voltage of the control plate of the selected non- 
volatile storage transistor gradually from a low voltage, and a 
third method of combining the first and second methods. 
[0061] Pref erably, the stored electric charges are discharged for 
an erasing operation by forming a high electric field between the 
storage of the corresponding non-volatile storage transistor and 
the source or substrate using tunneling. 

[0062] Pref erably, for a reading operation, the selection 
transistor of the selected cell is turned on and a proper 
positive voltage is applied thereto in accordance with a read 
current required for the control plate. 

[0063] It is to be understood that both the foregoing general 
description and the following detailed description are exemplary 
and explanatory and are intended to provide further explanation 
of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0064] The accompanying drawings, which are included to provide a 
further understanding of the invention and are incorporated in 
and constitute a part of this application, illustrate embodiments 
of the invention and together with the description serve to 
explain the principle of the invention. 
[0065] In the drawings: 

[0066] FIG. 1A illustrates a cross-sectional view of a single 
transistor type flash memory cell according to a related art; 
[0067] FIG. IB illustrates a layout of the single transistor type 
flash memory cell in FIG. 1A; 

[0068]FIG. 2A illustrates a cross-sectional view of a two- 
transistor EE PROM cell according to a related art; 
[0069] FIG. 2B illustrates a layout of the two-transistor EE PROM 
cell in FIG. 2A; 

[0070] FIGs. 2C and 2D illustrate circuit diagrams of two- 
transistor EE PROM cells in FIG. 2A; 

[0071] FIGs. 3A and 3B illustrate schematic diagrams for a unit 
block and an array of a non-volatile semiconductor memory 
according to a first embodiment of the present invention; 
[0072] FIG. 3C illustrates a table for operating conditions for 
the non-volatile semiconductor memory in a flash memory mode 
according to the first embodiment of the present invention; 
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[0073] FIG . 3D illustrates a table for operating conditions for 
the non-volatile semiconductor memory in an EE PROM mode according 
to the first embodiment of the present invention; 
[0074] FIG. 4A illustrates a layout of the non-volatile 
semiconductor memory according to the first embodiment of the 
present invention; 

[0075]FIG. 4B illustrates a cross-sectional view in accordance of 
line A-A' in FIG. 4A; 

[0076] FIG. 4C illustrates a cross-sectional view in accordance of 
line B-B' in FIG. 4A; 

[0077] FIG. 4D illustrates a cross-sectional view of a triple well 
structure in accordance with line A-A' in FIG. 4A; 
[0078] FIGs. 5A and 5B illustrate cross-sectional views of 
fabricating the non-volatile semiconductor memory according to 
the first embodiment of the present invention; 

[0079] FIGs. 6A and 6B illustrate structures of a unit block and 
an array of a non-volatile semiconductor memory according to a 
second embodiment of the present invention; 

[0080] FIG. 6C illustrates a table for operating conditions for 
the non-volatile semiconductor memory in the flash memory mode 
according to the second embodiment of the present invention; 
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[0081] FIG. 6D illustrates a table for operating conditions for 
the non-volatile semiconductor memory in the EE PROM mode 
according to the second embodiment of the present invention; 
[0082] FIGs. 7A and 7B illustrate structures of a unit block and 
an array of a non-volatile semiconductor memory according to a 
third embodiment of the present invention; 

[0083] FIG. 7C illustrates a table for operating conditions for 
the non-volatile semiconductor memory in the flash memory mode 
according to the third embodiment of the present invention; 
[0084] FIG. 7D illustrates a layout of the non-volatile 
semiconductor memory according to the third embodiment of the 
present invention; 

[0085] FIG. 7E illustrates a structure of a control plate in a bit 
line contact region in FIG. 7D; 

[0086] FIG. 7F illustrates a cross-sectional view in accordance 
with line C-C' in FIG. 7D; 

[0087] FIGs. 8A and 8B illustrate structures of a unit block and 
an array of a non-volatile semiconductor memory according to a 
fourth embodiment of the present invention; 

[0088] FIGs. 9A and 9B illustrate structures of a unit block and 
an array of a split-gated non-volatile semiconductor memory 
according to a fifth embodiment of the present invention; 
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[0089] FIG . 9C illustrates a table for operating conditions for 
the non-volatile semiconductor memory in a flash memory mode 
according to the fifth embodiment of the present invention; 
[0090] FIG. 9D illustrates a layout of the non-volatile 
semiconductor memory according to the fifth embodiment of the 
present invention; 

[0091] FIG. 9E illustrates a structure of a control plate in FIG. 
9D; 

[0092] FIGs. 9F to 9H illustrate cross-sectional views along with 
lines D-D', E-E' , and F-F f in FIG. 9D; 

[0093] FIGs. 10A and 10B illustrate modified cross-sectional views 
of the non-volatile semiconductor memory according to a fifth 
embodiment of the present invention; 

[0094] FIG. 11A illustrates a constructional circuit of a control 
plate cell covering four or more cells; 

[0095] FIG. 11B illustrates a layout of a control plate cell 
covering four or more cells; and 

[0096] FIG. 11C illustrates a cross-sectional view in accordance 
with line G-G' in FIG. 11B. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

[0097] Reference will now be made in detail to the illustrated 
embodiments of the present invention, examples of which are 
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illustrated in the accompanying drawings. Wherever possible, the 
same reference numbers will be used throughout the drawings to 
refer to the same or like parts. 

[0098] FIGs. 3A and 3B illustrate schematic diagrams for a unit 
block and an array of a non-volatile semiconductor memory 
according to a first embodiment of the present invention. 
[0099] Referring to FIG. 3A, a non-volatile semiconductor memory 
device includes two adjacent non-volatile memory cells. Each 
cell 32 includes a selection transistor 31 and a non-volatile 
storage transistor 30 connected to each other in series, thereby 
forming a two-transistor structure. 

[0100] The non-volatile semiconductor memory cell in the first 
embodiment includes a semiconductor substrate, a tunneling 
dielectric layer, a pair of non-volatile storage transistors, and 
a pair of selection transistors. 

[0101] The semiconductor substrate includes active and field 
regions at the surface area. The tunneling dielectric layer is 
formed on the semiconductor substrate. 

[0102]Each of the non-volatile storage transistors includes 
source and drain regions in the semiconductor substrate, a non- 
volatile storage on the tunneling dielectric layer between the 
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source and drain regions, and a control gate formed over the non- 
volatile storage . 

[0103]A pair of the control gates may be incorporated into a 
single control plate formed as a single body in the length 
direction of the active region. Sources of the two non-volatile 
transistors below the control plate form one common source. 
[0104] Even though the first embodiment of the present invention 
is a non-volatile memory device having the two cells, the control 
plate corresponds to at least two control gates so that the non- 
volatile memory device has at least one control plate. 
[0105] Each of the selection transistors includes source and drain 
regions formed in the semiconductor substrate and a selection 
gate formed on a dielectric layer having different thickness from 
the tunneling dielectric or the tunneling dielectric layer 
between the source and drain regions, so that it is separated 
from the non-volatile storage. 

[0106]Each source of the selection transistors is a drain of the 
corresponding non-volatile storage transistor. Each of the 
selection transistors is connected to the corresponding non- 
volatile storage transistor in order to operate for selecting the 
corresponding non-volatile storage transistor. 
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[0107]Each of the sources of the selection transistors carries 
out a programming or an erasing through the storage gate and the 
tunneling dielectric layer of the corresponding non-volatile 
storage transistor . 

[0108] The source of each of the selection transistors may include 
first and second sources. The second source has the same 
impurity type as that of the first source. However, it has a 
different doping density from the first source. 
[0109] The first source carries out a programming through the 
storage gate and the tunneling dielectric layer of the 
corresponding non-volatile storage transistor. The second source 
carries out an erasing through the storage gate and the tunneling 
dielectric layer, which will be explained in detail hereinafter. 
[0110] In this case, the programming and erasing may be performed 
through a "hot carrier injection" and a "tunneling", respectively. 
[0111] Detailed explanations of the first embodiment of the 
present invention as follows. 

[0112]Each of the selection transistors 31 in the respective non- 
volatile memory cells is constructed with a selection gate 36 to 
select or cut off the corresponding non-volatile storage 
transistor 30, a source terminal 34, and a drain terminal 35. 
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[0113] The non-volatile storage transistor 30 is constructed with 
a control plate 38 formed as a single body and shared by the 
adjacent cell, a common source terminal 33, and a drain terminal 
34. The source of the selection transistor 31 and the drain 
terminal of the corresponding non-volatile storage transistor 30 
become one terminal. Sources of the two adjacent cells share a 
common source terminal. 

[0114]As mentioned in the foregoing explanation, the non-volatile 
storage transistors 30 of the adjacent two cells are connected to 
each other through the control plate 38. Each of the cells 
includes a corresponding portion of the control plate 38, a 
channel in the substrate below the corresponding portion of the 
control plate 38, source and drain regions at both sides of the 
channel, and a floating gate 37 located below the corresponding 
portion as a non-volatile storage to control a conductivity of 
the channel . 

[0115] The non-volatile storage may be a floating gate storing 
electric charges therein. Alternatively, it may be a non- 
conducting dielectric material storing the electric charges. 
Moreover, the non-volatile storage may be a ferroelectric 
material storing data as a form of electric fields therein. 
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[0116]When the non-volatile storage is formed of a dielectric 
material such as SONOS (silicon-oxide-nitride-oxide-silicon) , a 
control plate is formed on the dielectric material without a 
floating gate and may be formed of the same conductive material 

(for example, polysilicon) for a selection gate. Therefore, the 
cell may be constructed with one gate material. 

[0117]A portion of the control plate corresponding to each of the 
non-volatile storage transistor may partially overlap the channel 
region. Further, the non-volatile storage may be located over a 
portion, the entire portion, or an edge of the channel. 
[0118] The control plate may be formed as a single body by using 
the same process. Instead, the control plate may be separately 
constructed through different processes so as to be connected 
through an electrically conductive body. 

[0119] The above-described storages and the control plate may be 
applicable to all other embodiments of the present invention. 
[0120] The first embodiment according to the present invention 
assumes that NMOS transistors are formed on a P-type 
semiconductor substrate. However, PMOS transistor cells may be 
also formed on an N-type semiconductor substrate, which is well 
realized by using the polarity opposite to that of the NMOS 
transistors . 
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[0121]FIG. 3B illustrates an array of the non-volatile 
semiconductor memory according to the first embodiment of the 
present invention in which an array is constructed with the non- 
volatile memory device in FIG. 3A as a unit. 
[0122] In order to construct a highly-integrated array, non- 
volatile memory devices are arranged as a matrix form based on 
the circuit as shown in FIG. 3A as a unit. Thus, a non-volatile 
memory array having a desired size may be constructed. 
[0123]More specifically, the array includes a plurality of bit 
lines arranged in a column direction, a plurality of word lines 
arranged in a row direction, a plurality of source lines arranged 
in the row direction, a plurality of control plate lines arranged 
in the row direction, and a plurality of non-volatile memory 
cells formed between the lines. 

[0124] Each cell based on the construction shown in FIG. 3A 
includes at least one storage transistor having a non-volatile 
storage on a corresponding channel region and commonly connected 
to the source line, at least one selection transistor connected 
in series to the corresponding storage transistor where gate and 
drain are connected to the word line and the bit line 
respectively, and at least one control plate built as a single 
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body at the upper part of the non-volatile storage of the storage 
transistor and connected to the control plate line. 
[0125]A source of each of the selection transistors acts as a 
drain of the corresponding non-volatile storage transistor. Each 
of the selection transistors is connected to the corresponding 
non-volatile storage transistor. At least the two control gates 
form one of the control plate built as a single body in a length 
direction of the active region. At least two sources form one 
common source. Each source of the selection transistors carries 
out a programming or an erasing by using the tunneling dielectric 
layer and non-volatile storage of the corresponding non-volatile 
storage transistor. Each drain of the selection transistors is 
connected to the corresponding bit line in the column direction. 
Each common source of the cells is connected to the corresponding 
source line in the row direction. Each selection gate of the 
selection transistors is connected to the corresponding word line 
in the row direction. Each of the control plates shared by at 
least two adjacent cells is connected to the corresponding 
control plate line. 

[0126] The control plate lines or the word lines may be formed of 
the same material as the control plates and the selection gates 
by using the same process. 
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[0127] Programming, erasing, and reading operations of the non- 
volatile semiconductor memory according to the first embodiment 
of the present invention are explained in view of a flash memory 
mode and an EE PROM mode. 

[0128] FIG. 3C illustrates a table for operating conditions for 
the non-volatile semiconductor memory in a flash memory mode 
according to the first embodiment of the present invention. FIG. 
3D illustrates a table for operating conditions for the non- 
volatile semiconductor memory in an EEPROM mode according to the 
first embodiment of the present invention. In other words, FIG. 
3C illustrates a table for operating conditions for the 
corresponding selected cell. 

[0129] Operating conditions mostly relates to the cases of writing 
and erasing data at a floating gate or a dielectric by using 
electric charges . 

[0130]A programming operation of the cell selected in FIG. 3A 
uses a hot electron injection mechanism, while an erasing 
operation uses a tunneling mechanism. 

[0131] When the programming is performed, a voltage between an 
input voltage Vcc and 10V boosted at a high voltage circuit is 
applied to a selection gate of a cell selected for enabling a 
current to pass through a non-volatile storage transistor. A 



voltage between -7V and 10V is also applied to a control plate. 
A voltage, which forms an electric field enabling to generate hot 
electrons from a channel of the non-volatile storage transistor, 
is applied between end terminals of a drain and a source. 
[0132] For example, Vcc may be 5V, 3.3V, 1.8V and the like. Vcc 
may be further decreased below 1.8V. 

[0133] In a conventional programming method using hot carrier 
injection, a programming speed is relatively high. However, each 
cell consumes too high current, which is higher than several 
hundreds jik. 

[0134] Such a programming current is generally supplied by a 
booster circuit having a poor power efficiency. Thus, it may be 
difficult to realize a current supply circuit provided that a 
size of the circuit block increases or that an input voltage is 
too low. 

[0135] When this kind of the programming method is applied to the 
two-transistor type cell according to the related art, a width of 
the selection transistor should be greatly increased or a high 
voltage should be applied to the selection gate so that a high 
current over several hundreds fiA passes through. Instead of 
using channel hot electrons, the two-transistor cell according to 
the related art uses FN (Fouler-Nordheim) tunneling consuming 
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less current despite a low speed or a junction avalanche 
mechanism. 

[0136] In order to solve/overcome such problems, the present 
invention applies a reverse voltage between a substrate and a 
source terminal where a junction is formed, thereby increasing a 
programming efficiency several times higher than that of the 
related art. In addition, a program current is greatly reduced. 
[0137] For instance, a substrate voltage is maintained at OV, and 
a source voltage (0 to 2V) higher than 0V and lower than a 
voltage applied to a drain may be applied to a source. 
[0138] In case of a triple well structure using a P-type substrate 
where a channel is formed, a negative voltage between (-)5V to OV 
is applied to a P-type well (shown in FIG. 4D) in an N-type well. 
A voltage between IV and 6V is applied to a drain. A voltage 
between 0 and 2V is applied to a source. 

[0139] Such a back bias effect results in reducing the current 
consumption as well as increasing the programming efficiency, for 
which physical phenomena are well known in the art. 
[0140] In addition, a high-speed channel hot carrier injection 
programming may be realized at a low current by carrying out the 
programming in a manner that a voltage of the control plate is 
increased gradually and successively or by using both methods. 
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[0141] The current consumption of the cell during the programming 
is reduced provided that the programming is carried out in a 
manner that the voltage of the control plate is increased 
gradually. The voltage of the control plate may be increased 
linearly or stepwise. 

[0142] Such a voltage ramping method is well known in the art. 
[0143] In FIG. 3C, the voltage of the control plate may be 
programmed with a selected value between (-)7V and 10V or by 
successively increasing a value from the selected value to a 
higher value. 

[0144] The selection gates of the unselected cells are supplied 
with 0V or grounded when the programming or reading is carried 
out in the array of the cell. 

[0145] In the above programming method, the selection transistors 
of the selected cells and the unselected cells sharing the word 
line with the selected cell are turned on. Therefore, a leakage 
current can flow through the unselected cells when a source bias 
is applied on the selected source line. This leakage current can 
be eliminated if the same voltage is applied between the sources 
and drains of the not-selected cells sharing the selected source 
line. When the programming is carried out by applying a source 
voltage to the selected cell, each of the bit lines crossing the 



selected source line should receive the same voltage of the 
source voltage so that the leakage current may be prevented. 
[0146]Moreover, during the programming, by using a sense 
amplifier a channel current of the cell for a voltage applied to 
the control plate may be monitored. Thus, the programming is 
terminated once the monitored current reaches a reference current. 
In this case, the termination of the programming is achieved by 
making a zero voltage difference between the source and drain. 
In addition, the selection transistor or the storage transistor 
may be turned off. 

[0147] Alternatively, the programming is carried out by the 
tunneling or junction avalanche mechanism if necessary. 
[0148] In the erasing operation, the electric charges stored by 
programming are erased through a source terminal by applying a 
high electric field between the floating gate and the source by 
applying a voltage between (-)13V and (-)5V to the control plate 
and the other voltage between 0 and 8V to the source terminal or 
by applying 0V to the control gate and a high positive voltage to 
the source terminal only. 

[0149] In this case, the selection gate is floated, supplied with 
OV, or supplied with a small negative voltage when a negative 
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voltage is applied to the control gate. A drain terminal may be 
floated or receives OV or any arbitrary voltage. 

[0150] The conditions in FIG. 3C are for a flash memory operation 
mode. Thus, the erasing operation is carried out at each block 
unit . 

[0151]Meanwhile, when an N-type well (deep N well) is formed in a 
P-type substrate and a P-type well is formed in the N-type well 
so that a memory according to the present invention will be 
formed in the P-type well, electric charges of the floating gate 
(or a non-volatile storage) may be erased through/toward the P- 
type well by applying a voltage between (-13) V and 0V to the 
control plate and another voltage between Vcc and 13V to the P- 
type well as for the triple wells as shown in FIG. 3C. 
[0152] In this case, the source and drain terminals, which are 
turned on in a forward direction, may be floated or receive the 
same voltage as the P well voltage while a voltage (Vcc to 13V) 
equal to or higher than that of the P-type well is applied to the 
N well so as to prevent a turn-on state between the P-type and N- 
type wells. 

[0153]Moreover, the selection gate of the selected cell or the 
selected erasing block may be floated, supplied with 0V or a 
voltage equal to or less than the P-type well voltage, while the 
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selection gates of the unselected erasing block may be floated or 
supplied with a voltage equal to or less than the P-type well 
voltage . 

[0154]When a non-volatile memory according to the present 
invention is formed on the triple wells, a control plate of the 
unselected cell in the erasing operation may be floated or 
supplied with OV. Moreover, a loss in the electric charges in 
the unselected cell may be prevented by applying a voltage 
between Vcc and 13V thereto. 

[0155]When a reading operation is carried out, a selection 
transistor is turned on by applying an input voltage Vcc or a 
boost voltage to the selected cell up to 7V in accordance with 
the design rule of the cell. A current level of the non-volatile 
storage transistor is sensed through a sensing circuit connected 
to a bit line by applying a voltage between 0 and about 7V to a 
control plate depending upon a single bit, multi-bits or an 
amount of the requested reading current, a voltage of 0.5~2V to 
a drain, and a voltage of 0~1.5V to a source in accordance with 
the operating conditions. 

[0156] Such a sensing operation may also be carried out in the 
triple well structure. 
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[0157] FIG- 3D is an example of operating conditions in the EE PROM 
operational mode for erasing and programming the cells in FIG. 3A 
by a unit cell. 

[0158]A selection gate of a two-transistor cell enables only the 
selected cell to be erased or programmed, thereby making an 
EEPROM. 

[0159] Conversely, such an EEPROM function cannot be realized in a 
single-transistor cell. On the other hand, a two-transistor non- 
volatile memory cell according to the present invention functions 
in both the flash memory and EEPROM modes. 
[0160]Namely, at any cases, a programming is carried out 
selectively on the respective cell units in the two-transistor 
non-volatile memory cell. However, a flash memory, as mentioned 
in the above explanation, erases by a block unit. 
[0161] Therefore, the programming conditions shown in FIG. 3D are 
identical to those of the flash memory mode shown in FIG. 3C. 
[0162]When an erasing operation is carried out, a negative 
voltage between (-IO)V and (-3)V is applied to a control plate of 
a selected cell, a voltage between Vcc and 10V is applied to a 
drain of a selection transistor of the selected cell through a 
bit line, and a positive voltage between Vcc and 10V is applied 
to a selection gate belonging to the selected cell. 



[0163]Thus, the voltage applied to the drain passes through the 
selection transistor so as to be applied to the drain (I.e., a 
source of the selection transistor) of the non-volatile storage 
transistor . 

[0164] In this case, a source terminal of the selected cell is 
floated or grounded. Thus, electric charges of a floating gate 
is erased through the drain terminal of the non-volatile storage 
transistor by a strong electric field between the floating gate 
(or a storage) of the selected cell and the drain of the non- 
volatile storage transistor. 

[0165]Unselected cells, as the same as the programming, are not 
erased in a manner that a bit line voltage is not applied to the 
drain of the non-volatile storage transistor by cutting off a 
channel of the selection transistor on the cells of the 
unselected word lines. The unselected bit lines are simply 
grounded so that the cells on the unselected bit lines cannot be 
erased. 

[0166] Instead, the erasing operation may be achieved using 
positive voltages by applying only a positive voltage between 7V 
and 13V to the drain terminal through the bit line, a voltage 
between 7V and 15V to a selection gate of the selected cell 
through a word line, and applying OV to the control plate. 
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[0167]A layout, a cross-sectional view, and a fabrication method 
of a non-volatile semiconductor memory according to the first 
embodiment are explained as follows. 

[0168] FIG. 4A illustrates a layout of the non-volatile 
semiconductor memory according to the first embodiment of the 
present invention . 

[0169] FIG. 4B illustrates a cross-sectional view in accordance of 
line A-A' in FIG. 4A, and FIG. 4C illustrates a cross-sectional 
view in accordance of line B-B' in FIG. 4A. 

[0170] FIG. 4D illustrates a cross-sectional view of a triple well 
structure in accordance with line A-A' in FIG. 4A. 
[0171] FIG. 4A represents a floating gate as an electric charge 
storage . 

[0172]When four or more than four cell arrays are constructed, 
the structure shown in FIG. 4A is repeated so as to arrange the 
cell arrays . 

[0173] In FIGs. 4A and 4B, two cells are symmetrically arranged to 
locate a common source region 41 between the cells. Active 
regions 42 of the cells are isolated each other by field 
isolation regions 43. On each of the active regions 42, a 
floating gate 44 and a selection gate 45 are arranged in series. 
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Source/drain regions 46a to 46e are formed at both lateral sides 
of the floating and selection gates 44 and 45. 

[0174] Drain regions of the two cells are connected to a bit line 
through contact junction parts, while the source region is formed 
as a common region. Thus, a source diffusion region forms a 
source line in a direction perpendicular to the bit line. 
[0175]Moreover, a junction profile of a storage transistor drain 
region in FIG. 4B may be formed as a feature © or double 
profiles such as features © and ® or features @ and © so as to 
separate spots where electric charges pass through a tunneling 
oxide layer when a programming or an erasing is carried out. In 
this case, a region of the feature @ has a diffusion depth 
shallower than that of the feature ® or © and a doping density 
higher than that of the feature ® or ©. 

[0176] In order to achieve the junction profiles, a double ion 
implantation for P (Phosphorous ) and As (Arsenic) having different 
coefficients may be introduced. Also, in order to achieve the 
profile of the feature ©, an ion implantation is carried out on 
an opened region by photolithography, from the middle part of a 
drain region of a storage transistor to the middle part of a 
floating gate. 
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[0177]When such a double- j unction structure is formed, hot 
electrons are generated from a diffusion region located deep in a 
channel region so as to be injected into a floating gate while 
the programming is carried out. 

[0178]Meanwhile, a stronger electric field is formed between a 
floating gate and a shallow diffusion region having a relatively 
high doping density, so that electric charges are erased mainly 
through the shallow diffusion region by a tunneling. Therefore, 
even though the programming and erasing are carried out at the 
same junction part, degradation of the oxide layer is reduced, 
and endurance and reliance are improved. 

[0179]A control plate 47 of a cell according to the present 
invention is formed with one plate so as to cover the floating 
gates 44 of the two adjacent cells. 

[0180] In this case, the common source region 41 is formed by 
using self -alignment with both of the right and left floating 
gates 44. The control plate 47 over the common source region 41 
is formed with one plate so as not to be separated by the 
respective cells. Therefore, a length of a source region is 
minimized up to a process limit of photolithography. 
[0181]Moreover, since the control plate is defined between the 
floating gates 44 and selection gates 45, a process for forming 
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the control plate 47 is carried out regardless of a tolerance in 
photolithography . 

[0182] Instead, when a gate of a selection transistor is formed 
prior to a control plate, edges of the control plate may be 
placed right onto the gate of the selection transistor (M) or 
defined to surround the selection gate (N) . 

[0183] Such methods of defining a control plate are applied to 
other embodiments according to the present invention. 
[0184] If a process includes that selection and floating gates are 
formed and then a control gate is formed, and edges of the 
control plate are defined to locate between the floating and 
selection gates, it is useful for the application of an embedded 
non-volatile memory. Such a process is advantageous because the 
control plate may be formed of the same material {e.g., 
polysilicon) as a gate material of a logic device. In addition, 
metal silicide may be formed by simultaneously opening the upper 
surfaces of a selection gate, a logic device, and a control plate. 
[0185] Silicide is formed of a metallic compound including Ti 
(titanium), Co (cobalt) or the like on the surface of polysilicon 
gate or silicon of source/drain and the like, thereby reducing 
contact resistance and wire resistance. Using silicide is a 
basic technique in a logic process. 

41 



[0186]A cross-sectional view in FIG. 4D is similar to that in FIG . 
4B except for a triple well structure in the substrate. 
[0187]Referring to FIG. 4D, an N-type well 49 is formed in a P- 
type substrate 48, and a P-type well 50 is formed in the N-type 
well 49. 

[0188] A non-volatile memory is formed in the P-type well 50. 
[0189]A method of fabricating a non-volatile semiconductor memory 
according to the first embodiment of the present invention may be 
processed by the following steps. 

[0190] FIGs. 5A and 5B illustrate cross-sectional views of 
fabricating the non-volatile semiconductor memory according to 
the first embodiment of the present invention. 
[0191]Referring to FIG. 5A (showing a pair of cross-sectional 
views along lines A-A' and B-B' in FIG. 4A) , a field isolation 
region 52 and an active region 58 are defined in a semiconductor 
substrate 51. A tunneling oxide layer 53 is then formed on the 
active region . 

[0192]After a first conductor such as a polysilicon film has been 
deposited on the tunneling oxide layer 53, a plurality of 
floating gates 54 and selection gates 55 are formed by 
photolithography and a successive etch process. 
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[0193]Referring to FIG. 5B, source/drain regions are formed by 
implanting impurity ions into the semiconductor substrate using 
the floating and selection gates 54 and 55 as a mask. 
[0194] In this case, a gate oxide layer, which is formed of a high 
voltage oxide layer formed separately from the tunneling oxide 
layer, is located below the selection gates 55. The gate oxide 
layer may be formed thicker than the tunneling oxide layer 53 
below the floating gates 54. 

[0195]A thin dielectric layer 56 is formed over the semiconductor 
substrate including the above structure. A second polysilicon is 
formed on the thin dielectric layer 56. 

[0196] In this case, the dielectric layer 56 may be formed by 
thermal oxidation or CVD (chemical vapor deposition) . 
Alternatively, the dielectric layer 56 may be formed of a 
composite material such as ONO (oxide-nitride-oxide) or the like. 
[0197] Successively, a second conductor such as a polysilicon 
layer is deposited thereon. A control plate 57 is then formed 
from the second conductor by photolithography. 

[0198] Accordingly, the method of fabricating the non-volatile 
memory according to the present invention is simple, thereby 
providing a stable non-volatile memory merged-logic process for a 
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system chip and realizing an embedded non-volatile memory 
structure . 

[0199]Explanation of a non-volatile semiconductor memory 
according to a second embodiment of the present invention is 
described as follows. 

[0200] FIGs. 6A and 6B illustrate structures of a unit block and 
an array of a non-volatile semiconductor memory according to a 
second embodiment of the present invention. 

[0201]A cell structure of the second embodiment according to the 
present invention is similar to that shown in FIGs. 3A to 3D, 
FIGs. 4A to 4D, and FIGs. 5A and 5B except for an array structure. 
[0202]Referring to FIG. 6A, drains of the cells are connected to 
bit lines perpendicular to a channel direction of each cell. 
[0203]A selection gate of each cell is connected to a 
corresponding word line arranged to be perpendicular to the bit 
lines. Thus, the word lines are arranged in the channel 
direction of the cells. Each source of the cell is connected to 
a source line located to the same direction of the bit lines. A 
control plate is connected to a control plate line in the same 
direction of the bit lines. 

[0204] FIG. 6B shows a layout of the cells as an example. Thus, 
the second embodiment is not limited to the corresponding drawing. 



[0205]Referring to FIG. 6B, a plurality of contacts are formed on 
selection gates so as to be connected to the word line, and the 
bit line is formed with a diffusion region. In this case, since 
the bit line has a high resistance, the resistance may be reduced 
by strapping a metal line. 

[0206]Moreover, in order to reduce resistance of polysilicon and 
the diffusion region, silicide, which is formed of a combination 
of polysilicon and metal such as W, Co or the like, may be used 
instead. Such a fabrication process may be applied to other 
embodiments according to the present invention. 
[0207] The non-volatile semiconductor memory according to the 
second embodiment of the present invention is operated in a flash 
mode or an EE PROM mode in accordance with the following operating 
conditions . 

[0208] FIG . 6C illustrates a table for operating conditions for 
the non-volatile semiconductor memory in the flash memory mode 
according to the second embodiment of the present invention. FIG. 
6D illustrates a table for operating conditions for the non- 
volatile semiconductor memory in the EE PROM mode according to the 
second embodiment of the present invention. 

[0209] Explanation of operating a cell array in the flash mode 
follows with reference to FIG. 6C. 



[0210]As the first embodiment of the present invention, a 
programming is carried out by using channel hot carrier injection. 
An erasing operation is carried out by using "tunneling". 
Operating conditions of the cells are similar to those of the 
embodiment shown in FIG. 3A except for the following difference. 
[0211]When a voltage Vs is applied to the source of a cell 
selected by the reading or programming operation, a leakage 
current is prevented by applying Vs equal to a source voltage to 
a bit line connected to a drain of the opposite cell sharing the 
source with a word line of the selected cell. 

[0212] In this case, the word line turns on the selection gates of 
the two cells sharing the source with each other, and a control 
plate turns at the storage transistors of the two cells. Thus, 
the unselected adjacent cell maintains a turn-on state. 
Therefore, a voltage equal to a common source voltage should be 
applied to the drain of the unselected adjacent cell. 
[0213] The word line turns on the two adjacent cells, and the bit 
lines are separated from one another so as to cross the word line 
perpendicularly. Hence, there is no problem in selective 
operations of the cells. 

[0214] Similarly, the EEPRM mode in FIG. 6D is similar to the 
embodiment in FIG. 3D except for in the above-explained Vs effect. 



[0215] Explanation of a non-volatile semiconductor memory 
according to a third embodiment of the present invention is 
described as follows. 

[0216] FIGs. 7A and 7B illustrate structures of a unit block and 
an array of a non-volatile semiconductor memory according to a 
third embodiment of the present invention. FIG. 7C illustrates a 
table for operating conditions for the non-volatile semiconductor 
memory in the flash memory mode according to the third embodiment 
of the present invention. 

[0217] The structures of the third embodiment of the present 
invention including a control gate are similar to those of the 
first embodiment of the present invention except that sources and 
drains of the respective cells are switched. Therefore, the 
drains of the cells become those of storage transistors while the 
sources of the cells become those of selection transistors. 
[0218]Each unit cell 72 includes a selection transistor 71 and a 
non-volatile storage transistor 70 connected to the selection 
transistor 71 in series so as to construct a two-transistor 
structure . 

[0219]The selection transistor 71 comprises a selection gate 76 
to select or disconnect the corresponding non-volatile storage 
transistor 70, and terminals of source and drain 75 and 74. 
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[0220]More specifically, the non-volatile storage transistor 70 
comprises a control plate 78 built in a single body shared with 
the adjacent cell, a terminal of a common drain 73, and the 
terminal of the source 74, in which the drain 74 of the selection 
transistor 71 and the terminal of the source 74 of the non- 
volatile storage transistor 70 are constructed with one terminal. 
[0221] In this case, drains of the two adjacent cells construct a 
common drain terminal. 

[0222]As mentioned in the foregoing explanation, the non-volatile 
storage transistors 70 of the adjacent two cells are connected to 
each other through one control plate 78. Each of the cells 
includes a corresponding portion of the control plate 78, a 
channel in the substrate below the corresponding portion of the 
control plate 78, source and drain regions formed at both sides 
of the channel, and a non-volatile storage 77 below the 
corresponding part to control a conductivity of the channel. 
[0223]An array in FIG. 7B is similar to that of the first 
embodiment shown in FIG. 3B except for that drains of storage 
transistors are connected to bit lines. 

[0224] FIG. 7C is a table for operating conditions in a flash mode 
operation according to the third embodiment of the present 
invention . 
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[0225] Conditions for a programming operation are similar to the 
second embodiment of the present invention. However, since the 
selection gate is located at the source side, a word line voltage 
applied to a selection gate may be lower than that of the first 
embodiment . 

[0226]While a reading or programming operation is carried out, a 
voltage Vs of 0-2V is always applied to a source line and an 
unselected bit line and a voltage of 2~7V or 0.5-2V is applied to 
a bit line of a selected cell for the programming or reading 
operation . 

[0227]An erasing operation is carried out in a manner that 
electric charges are discharged by applying a voltage of (-)10-(- 
5)V to a control plate and a voltage of 0~8V to a selected bit 
line or cells on the same bit line are erased through tunneling 
by applying a voltage of 8-13 to the selected bit line. 
[0228]Moreover, cells on the selected word line are just erased 
by applying a voltage of Vcc-10V to a selection gate to turn on a 
selection transistor, a voltage of Vcc-lOV to a source line, and 
a voltage of (-)10-(-)3V to a control plate, respectively. 
[0229] In case of using a triple-well structure, the triple-well 
conditions of FIG. 7C may be applied to the operation and the 



reading operation is carried out by the same conditions of the 
first embodiment of the present invention. 

[0230]A layout and cross-sectional structures of a non-volatile 
semiconductor memory according to the third embodiment of the 
present invention are explained as follows. 
[0231] FIG. 7D illustrates a layout of the non-volatile 
semiconductor memory according to the third embodiment of the 
present invention . 

[0232] FIG. 7E illustrates a structure of a control plate in a bit 
line contact region in FIG. 7D, and FIG. 7F illustrates a cross- 
sectional view in accordance with line C-C in FIG. 7D. 
[0233] As shown in FIGs. 7D to 7F, two cells are arranged 
symmetrically to locate at both sides of a common drain region 73. 
Active regions of the cells are isolated each other by field 
isolation regions. On each of the active regions, a storage 77 
and a selection gate 76 are arranged in series. Source/drain 
regions 80a to 80e are formed at both lateral sides of the 
storage 77 and the selection gates 76. 

[0234] The common drain 73 or 80C of the two cells is connected to 
a bit line through a contact junction part 79a, while the source 
regions 80b and 80d form source lines in a direction 
perpendicular to the bit line. 
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[0235]A control plate 78 of the cell according to the present 
invention is constructed with one plate covering the storage 77 
of the two adjacent cells. A drain contact of the cells is 
located between a pair of the storage 77 adjacent to each other. 
Therefore, as shown FIG. 7E, a hole 79b for a contact region is 
formed in the middle of the control plate 78. 
[0236] Explanation of a non-volatile semiconductor memory 
according to a fourth embodiment of the present invention is 
described as follows. 

[0237] FIGs. 8A and 8B illustrate structures of a unit block and 
an array of a non-volatile semiconductor memory according to a 
fourth embodiment of the present invention. 

[0238]A fourth embodiment of the present invention using a two- 
transistor structure is similar to the third embodiment of the 
present invention shown in FIG. 7A except for that drains of 
cells are separated from each other. 

[0239] Each cell 82 has two-transistors including a selection 
transistor 81 and a non-volatile storage transistor 80 connected 
in series to the selection transistor 81. 

[0240]The selection transistor 81 of each of the non-volatile 
memory cells comprises a selection gate 86 selecting or 
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disconnecting the corresponding non-volatile storage transistor 
80, a terminal of a source 85, and a terminal of a drain 84 . 
[0241]More specifically, the non-volatile storage transistor 80 
comprises a control plate 88 built in a single body shared with 
the adjacent cell, separated terminals of drains 83a and 83b, and 
a terminal of a source 84, in which the drain 84 of the selection 
transistor 81 and the terminal of the source 84 of the non- 
volatile storage transistor 80 are constructed as one common 
terminal . 

[0242]As mentioned in the foregoing explanation, the non-volatile 
storage transistors 80 of the adjacent two cells are connected to 
each other through one control plate 88. Each of the cells 
includes a corresponding portion of the control plate 88, a 
channel in the substrate below the corresponding portion of the 
control plate 88, source and drain regions located at both sides 
of the channel, and a non-volatile storage 87 below the 
corresponding portion of the control plate 88 to control a 
conductivity of the channel. 

[0243] FIG. 8B shows an array structure of the fourth embodiment 
of the present invention, in which drains are separated into two 
parts from the array of the second embodiment of the present 
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invention. Therefore, operational conditions are identical to 
those of FIGs. 6C and 6D. 

[0244] The array according to the fourth embodiment of the present 
invention includes a plurality of control plate lines arranged in 
a row direction so as to traverse central parts between two 
adjacent cells, a plurality of bit lines arranged in the row 
direction wherein each pairs of the bit lines is located in 
parallel with and at both sides of the corresponding control 
plate lines, a plurality of word lines arranged in a column 
direction, a plurality of source lines arranged in the row 
direction wherein at least one storage transistor and at least 
one selection transistor corresponding to the storage transistor 
are placed between the corresponding bit and source lines, and a 
plurality of non-volatile memory unit blocks between the lines. 
[0245] In this case, each of the unit blocks includes at least one 
storage transistor having a non-volatile storage on a 
corresponding channel region wherein a drain electrode of the 
storage transistor is connected to the bit line and at least one 
selection transistor connected to the corresponding storage 
transistor in series wherein gate and drain of the selection 
transistor are connected to the corresponding word and source 
lines , respectively . 
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[0246] Each of the unit blocks further includes a control plate 
connected to the corresponding control plate line and having an 
opening at the central part where the control plate is built in a 
single body over the upper part of the corresponding non-volatile 
storage of the storage transistor so as to have a dielectric 
therebetween . 

[0247] In the above-explained first to fourth embodiments, 
channels of the selection and non-volatile storage transistors 
are separated form each other by the junction parts. In other 
words, two independent transistors are connected to each other in 
series . 

[0248]A non-volatile semiconductor memory having a split-gated 
structure according to a fifth embodiment of the present 
invention will be described as follows, in which a selection gate 
and a gate of a storage transistor are arranged on a continuous 
channel for the split-gated structure. 

[0249] FIGs. 9A and 9B illustrate structures of a unit block and 
an array of a split-gated non-volatile semiconductor memory 
according to the fifth embodiment of the present invention. 
[0250] FIG. 9C illustrates a table for operating conditions for 
the non-volatile semiconductor memory in a flash memory mode 
according to the fifth embodiment of the present invention. 



[0251] The fifth embodiment according to the present invention, as 
shown in FIG . 9A, includes two adjacent cells are connected 
symmetrically to each other, in which each cell has a terminal of 
a source 91 and a terminal of a drain 92 shared by the two 
adjacent cells. 

[0252]Moreover / a non-volatile storage transistor of each of the 
cells has an electric charge storage 93 such as a floating gate 
or a dielectric. A control plate 94 controlling each of the 
electric charge storage transistors is built in a single body 
extended across the two adjacent cells. 

[0253]A selection gate 95 is arranged in parallel with the 
electric charge storage 93 over a channel region extended 
continuously from a channel region of the non-volatile storage 
transistor of each of the cells. 

[0254] In this case, a ratio between the channel regions of the 
electric charge storage 93 and the selection gate 95 is variable. 
[0255JFIG. 9B represents the array structure of FIG. 9A, in which 
a source of each of the cells is connected to a source line in a 
direction perpendicular to a channel, a common drain of the two 
adjacent cells is connected to a bit line in a channel direction, 
and a selection gate of each of the cells is connected to a word 
line perpendicular to the bit line. 



[0256]A control plate hanging across the two adjacent cells is 
connected to a control plate line in parallel with the word line. 
[0257] FIG. 9C is a table for operating conditions of the cell, in 
which a programming operation may use a so-called source side 
injection method. 

[0258]A storage transistor is turned on by applying a voltage of 
2-8V to a drain of a selected cell and a voltage of (-)5-10V to a 
control plate in accordance with a status of the storage 
transistor. An electric field generated from a voltage 
difference between both ends of the drain and source is formed in 
a channel region between the storage and selection transistors by 
applying a voltage slightly higher than the threshold voltage of 
the selection transistor to a selection gate and a voltage of 
0-2V lower than that of the drain to the source. Then, hot 
electrons generated from the channel region are injected into a 
floating gate (or a storage) by a vertical electric field formed 
by the control plate. 

[0259] In an erasing operation, a strong electric field is formed 
between a storage and a drain by applying OV to a selection gate 
of a selected cell, a negative voltage of (-)10-(-)5V to a 
control plate, and a positive voltage of 0-8V to a common drain. 
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Therefore, the erasing operation is accomplished by "tunneling" 
through a drain terminal. 

[0260] Instead, for the erasing operation, electric charges may be 
removed through a drain terminal only with a positive voltage by 
applying OV to the selection gate and the control plate in the 
selected cell and a voltage of 7-13V to the drain terminal. 
[0261] In the above two methods for the erasing operation, a gate 
oxide layer of the storage transistor is formed of a tunneling 
oxide layer . 

[0262]As a third method for the erasing operation, a tunneling 
region is formed between the selection and floating gates and 
electric charges in the floating gate are removed through the 
tunneling region. In this method, the electric charges are 
discharged through the tunneling region by applying voltages of 
Vcc^20V and (-)8~0V to the selection gate and the control plate, 
respectively . 

[0263] In this case, both negative and positive voltages may be 
used by properly adjusting a distribution of the voltages applied 
to both gates. Alternatively, only a positive voltage may be 
used. 

[0264]Moreover , if a coupling ratio between the common drain and 
floating gate is sufficiently high so that a ground or a positive 
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voltage applied to the drain is helpful for the erasing operation, 
a ground or a proper positive voltage may be applied in 
accordance with the coupling ratio to the drain terminal. 
[0265]A layout and cross-sectional structures of the non-volatile 
semiconductor memory are explained as follows. 
[0266] FIG. 9D illustrates a layout of the non-volatile 
semiconductor memory according to the fifth embodiment of the 
present invention . 

[0267] FIG. 9E illustrates a layout of a control plate in FIG. 9D, 
and FIGs. 9F to 9H illustrate cross-sectional views along with 
lines D-D', E— E' , and F-F' in FIG. 9D. 

[0268] The fifth embodiment according to the present invention 
relates to two adjacent cells arranged symmetrically with each 
other . 

[0269]A floating gate (or electric charge storage) 93 of each 
cell is arranged on an active region. A control plate 94 built 
in a single body covers the floating gates 93 of the two adjacent 
cells. In this case, a dielectric is inserted between the 
floating gates 93 and the control plate 94. 

[0270] A common drain region 92 shared by the two adjacent cells 
is formed between the floating gates 93 below the middle part of 
the control plate 94. A hole 97 for a contact with a bit line 98 
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is formed at the central part of the control plate 94 over the 
common drain region 92. 

[0271] FIG. 9E shows a layout of the control plate 94, in which 
the hole 97 is formed to secure a region for electrically 
connecting the common drain region 92 to the bit line 98. 
[0272] Plug layers 99a and 99b are formed in the hole 97 so as to 
connect the common drain region 92 with the bit line 98. 
[0273]Moreover , in the fifth embodiment of the present invention, 
a selection gate 100 of each two adjacent cell is arranged next 
to the corresponding floating gate 93 on an active region 
continuously adjacent to an active region of a storage transistor. 
A source diffusion region 91 of each of the two adjacent cells is 
formed to be adjacent to the corresponding selection gate 100. 
[0274] In this case, a portion of the hole over the common drain 
region 92 is filled with a conductive material {e.gr., 
polysilicon) 99a, which is the same material as the selection 
gate 100, so as to be electrically contacted with the common 
drain region 92 as well as isolated from the adjacent floating 
gate 93 and control plates 94. Successively, a contact plug 
layer 99b for the bit line 98 is formed on the conductive layer 
99a. 
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[0275] Such a structure increases a process margin between the 
contact, floating gate 93, and control plate 94, thereby reducing 
a cell size. 

[0276] In the cells, a dielectric is inserted between a substrate 
and the respective gates. 

[0277] Such a non-volatile semiconductor memory of the split-gated 
structure according to the fifth embodiment of the present 
invention may be modified to another structure. 

[0278] For example, FIGs. 10A and 10B illustrate modified cross- 
sectional views of the non-volatile semiconductor memory 
according to the fifth embodiment of the present invention. 
[0279] The structure shown in FIG. 10A is similar to that shown in 
FIG. 9F except for spacers at the lateral sides of the control 
plate . 

[0280] In this case, a fabrication method may be simplified by 
excluding a step of forming the spacers . 

[0281] Compared to the structure in FIG. 10A, a structure in FIG. 
10B is characterized in that floating gates are thicker than 
selection gates. Therefore, a coupling ratio between the 
floating gate and selection gate/drain is increased, thereby 
reducing an applying voltage to a control plate. 
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[0282] Two adjacent cells are taken in the above-described 
embodiments. Alternatively, at least four cells may also be used 
in the present invention. Accordingly, at least two adjacent or 
non-adjacent four cells may be applicable in the present 
invention . 

[0283]FIG. 11A illustrates a constructional circuit of a control 
plate cell covering four or more cells. FIG. 11B illustrates a 
layout of a control plate cell covering four or more cells. FIG. 
11C illustrates a cross-sectional view in accordance with line G- 
G' in FIG. 11B. 

[0284] FIG. 11A shows that four consecutive cells are covered by 
one control plate. Thus, the present invention is applicable to 
more than four cells. 

[0285]FIG. 11A is one embodiment that the array in FIG. 3B is 
repeated twice in the bit line direction so as to realize a 
matrix of a non-volatile memory. Such a method for forming a 
control gate over at least four cells is applied to other 
embodiments explained in the foregoing description. 
[0286] Operating methods in the non-volatile memory matrix are 
similar to those of the corresponding above-explained embodiments. 
[0287] FIGs. 11B and 11C show repetitions of the layout and cross- 
sectional view of FIGs. 4A and 4B in the bit line direction, in 
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which a control plate is built in a single body across four cells. 
Accordingly, such a method enables to realize a larger sized 
matrix . 

[0288] For realizing the matrix, regions demanding contacts are 
formed in a manner that holes are formed in the control plates so 
as to provide the contacts through the holes with the 
corresponding lines . 

[0289] Other examples and the description are the same as those in 
FIGs. 4A to 4C. Thus, detailed description will be omitted for a 
simplicity . 

[0290] Such a method of forming a control plate for at least four 
cells is also applied to the foregoing other embodiments. 
[0291]A11 embodiments so far have described NMOS transistors on a 
P-type substrate, which are applicable to PMOS cells as well 
since either polarity of transistors can be used in the present 
invention . 

[0292]As described above, a control plate of a two-transistor 
cell is formed with a single plate covering two adjacent cells, 
at least two floating gates, or electric charge storage. 
[0293] Thus, a common source region of the two adjacent cells is 
defined when the left and right floating gates are formed. The 
control plate over the floating gates is formed as a single plate 



so as not to be separated from each cell. Accordingly, the 
present invention minimizes the source region up to the 
photolithographic limit . 

[0294]Moreover , a control plate may be formed with its edge 
located between the floating and selection gates, on the upper 
parts of the selection gates or covering the selection gates. 
Thus, a process of forming the control plate can be performed 
regardless of the process tolerance in photolithography. 
[0295] Accordingly, the present invention provides a very small- 
sized cell having a two-transistor structure. 
[0296]Moreover, since a plurality of control gate lines are 
replaced by one control plate line, the number of control lines 
is reduced in the present invention. Therefore, a circuit for 
decoding the control lines is simplified and an area occupied by 
the circuit is reduced. 

[0297]A two-transistor cell according to the present invention is 
free from problems such as "drain-turn-on" caused by a drain 
voltage applied to an unselected cell at the same bit line in a 
single transistor cell, "'punch-through" , "leakage current", and 
"electric field stress" applied to an electric charge storage. 
Therefore, the present invention enables to decrease a channel 
length of the non-volatile storage transistor, Thus, much 
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smaller channel length is achieved than that of a single 
transistor . 

[0298] Accordingly, the present invention provides a very small- 
sized cell despite having a two-transistor structure. 
[0299] Such an advantage according to the present invention 
becomes more important as the design rule of a device becomes 
further reduced. In the single transistor cell, such problems 
become more serious as the design rule becomes scaled-down so 
that a scale-ability of the cell size becomes problematic. Two- 
transistor EEPROM according to a related art has a relatively 
large cell size due to high voltage junction and the process for 
separating control gates. Those limiting factors in scaling-down 
the cell size of EEPROM become more serious as the design rule 
becomes further reduced. 

[0300]Moreover , in a cell according to the present invention, the 
control plate surrounds the lateral and upper surfaces of a 
floating gate as well as an area between the control plate and 
floating gate is increased by increasing a height of the floating 
gate sufficiently, thereby providing a large capacitance. 
Therefore, the present invention guarantees a relatively large 
control gate coupling ratio. 
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[0301] The control gate coupling ratio is determined by a 
capacitance between the floating and control gates over a total 
capacitance connected to the floating gate. As the control gate 
coupling ratio becomes larger, a voltage applied to the control 
gate is more transferred to the floating gate. 

[0302]A high coupling ratio reduces a level of a boosted voltage 
for programming and erasing operations as well as provides a 
large cell current despite a low Vcc input voltage in a reading 
operation. Therefore, a cell according to the present invention 
is advantageous for operations with a low voltage and a low power. 
[0303] The cell according to the present invention improves 
reliability and productivity as well. The cell according to the 
present invention is free from a disturbance phenomenon, 
generated from a single transistor flash memory, caused by a 
drain voltage during a programming operation and an over-erasing 
phenomenon during an erasing operation. In the cell according to 
the present invention, a process-induced damage to a tunneling 
oxide, is removed because a control plate surrounds a floating 
gate and a tunneling oxide layer. Thus, a dielectric degradation 
occurring in the process of forming metal lines is eliminated in 
the present invention. 
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[0304]Moreover, the cell according to the present invention has 
an operational voltage lower than that of EE PROM according to a 
related art, thereby reducing a malfunction caused by a high 
voltage. Accordingly, the present invention improves stability, 
reliability, and productivity. 

[0305] The cell according to the present invention is operated in 
a depletion mode by extending a programmed threshold voltage of 
the non-volatile storage transistor to the range below OV. 
Therefore, the present invention has a wide range of the 
threshold voltage and a large cell current, thereby enabling a 
high-speed reading operation with a low supply voltage Vcc. 
[0306]Moreover , the cell according to the present invention is 
advantageous to realize a high-speed multi-bits cell due to the 
wide available range of the threshold voltage and the high 
reliability. When the multi-bits are realized in the 
conventional art, reading and writing speed of a memory becomes 
slower . 

[0307] This is mainly because of the narrow available range of the 
threshold voltage limited over 0V. Accordingly, the cell 
according to the present invention has an advantage in realizing 
a high speed, which is equal to or faster than that of a single 
bit memory, for a multi-bits memory. 
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[0308]Meanwhile, logic cores such as MCU, DSP and the like, 
analog circuits, volatile memories such as SRAM, DRAM, and non- 
volatile memories such as flash memory and EE PROM and the like 
are incorporated entirely or in part on a single chip so as to 
realize a system-on-chip (SoC) . It is well known that such a 
system-on-chip is superior to a system incorporated with separate 
chips in speed, power consumption, and PCB area. 
[0309] In implementing SoC, a problem lies on the process of 
combining a non-volatile memory (embedded non-volatile memory) 
with a logic process. 

[0310] An embedded non-volatile memory fabricated by the same 
process on a logic process calls for simplicity and scale-ability 
according to a down-scaled design rule of the logic process. 
[0311]Moreover , the embedded non-volatile memory requires a 
lowered operational voltage as an internal boost voltage 
according to a low-voltage logic device, a reading operation by a 
low supply voltage Vcc, a process of fabricating a logic device 
and a competitive flash memory/EEPROM simultaneously, and high 
reliability and productivity. The cell according to the present 
invention provides for the demands for SoC as described above. 
[0312] Accordingly, the cell according to the present invention 
has many advantages in realizing an embedded non-volatile memory 
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for the next-generation ultra-highly integrated circuit SoC as 
well as a stand-alone non-volatile memory. 
[0313] It will be apparent to those skilled in the art that 
various modifications and variations can be made in the non- 
volatile semiconductor memory and a method of operating the same 
of the present invention without departing from the spirit or 
scope of the inventions. Thus, it is intended that the present 
invention covers the modifications and variations of this 
invention provided they come within the scope of the appended 
claims and their equivalents . 
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